18 This paper provides an account of observed variations in Black carbon (BC) aerosol 19 concentrations and their induced radiative forcing for the first time over Granada a 20 measurement site in Southeastern Iberian Peninsula. Column-integrated BC concentrations 21 were retrieved for the period 2005-2012. Monthly averages of BC concentrations (± one 22 standard deviation) ranged from higher values in January and December with 4.0±2.5 and 23
especially considering that is has relevance not only from the local point of view, but also 137 from a regional perspective. Thus we develop a detailed analysis of BC aerosol in Granada 138 urban atmosphere for the period 2005-2012. Furthermore, the BC radiative effects in the 139 shortwave spectral range will be determined and, compared with the radiative effects of the 140 total aerosol (composite aerosol), although restricted to fine mode-dominated cases. 141 1. Experimental site, instrumentation and data 142 Ground-based data were retrieved at the radiometric station located on the rooftop of the 143 Andalusian Institute for Earth System Research (IISTA-CEAMA, 37.168N, 3.608W) in 144 Granada (South-Eastern Spain) which is found at 680 m a.s.l. (Figure 1 ). Granada is a 145 medium-sized city with little emissions associated with large-scale industrial activities and 146 with a population of 300,000 inhabitants. However anthropogenic fine aerosols load are 147 expected from domestic heating and intense road traffic in the city and metropolitan area 148 (Lyamani et al., 2011) . The city is found in a natural basin close to Sierra Nevada's 149 mountain range to the southeastern with elevations between 1000 and 3500 m a.s.l. The is 150 frequently affected by air masses coming from the Atlantic Ocean, the European and 151 African continents, and less frequently from the Mediterranean Sea (Lyamani et al., 2010) . 152 Total columnar aerosol properties were retrieved from measurements of CIMEL CE-318 153 sun-photometer which is included in the AERONET network (Holben et al., 1998) . This 154 instrument makes direct sun measurements with a 1.2 full field of view at 340, 380, 440, 155 500, 675, 870 and 1020 nm. The full-width at half-maximum of the interference filters are 2 156 nm at 340 nm, 4 nm at 380 nm and 10 nm at all other wavelengths. The sky radiance
The characteristics of the CIMEL sun-photometer are fully described by Holben et al. 159 (1998). The direct sun measurements are used to compute the aerosol optical depth (AOD) 160 at 340, 380, 440, 670, 870 and 1020 nm (Holben et al., 1998) . The uncertainty in the 161 retrieval of AOD under cloud free conditions is ±0.01 for wavelengths larger than 440 nm 162 and ±0.02 for shorter wavelengths (Eck et al., 1999) . Sky radiance measurements together 163 with solar direct irradiance measurements are used to retrieve aerosol optical properties like 164 single scattering albedo, (), using the AERONET inversion algorithm developed by 165 Dubovik and King (2000) as improved by Dubovik et al. (2006) . The uncertainty in the 166 retrieval of () is ±0.03 for high aerosol load (AOD (440 nm) > 0.4) and solar zenith 167 angle > 50. For measurements with low aerosol load (AOD(440 nm) < 0.2), the retrieval 168 accuracy of (), drops down to 0.02-0.07 (Dubovik et al., 2000) . 
where r and i are the real and imaginary parts of the mixture dielectric constant.
194
According to MG, first, k(λ) has been retrieved taking into account different combinations 195 of f1 and f3. The objective is to determine the appropriate volume fractions of f1 and f3.
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They were adjusted until the  2 fit of the computed k(λ) of the mixture was minimized with 197 respect to the AERONET retrieved k(λ) values by:
where ki rtv is the imaginary refractive index retrieved from sun photometer measurements 200 and ki cal is the value obtained from MG mixing rule, i being the summation index over four 201 wavelengths (440, 675, 870 and 1020 nm) of AERONET. Once the calculated k(λ) matches 202 to sun-photometer retrieved k(λ) within certain limit ( 2 in the order of 10 -3 ), the volume 203 fraction of Ammonium Sulfate (f2) is adjusted to minimize  2 fit for n(λ). The volume 204 fractions of all the components for which  2 values for k(λ) and for n(λ) are the lowest, are 205 chosen as the best values to retrieve BC concentration. In our study, column-integrated BrC 206 concentration was found to vary in a wide range 2.5-12.5 mg/m 2 for the entire period. A 207 value for BC density (BC) of 1.8 g/cm 3 was assumed and the column-integrated aerosol 208 volume size distributions from AERONET were considered to retrieve BC concentration:
210 where r is the particle radius in microns and V is the particle volume concentration 211 (µm 3 /µm 2 ). Dust dominated cases were excluded, and only those retrievals with ratio of 212 fine mode to total volume concentration larger than 0.5 were taken into consideration. Source-receptor relationships between the measurement areas and the potential emission 217 sources are investigated with the use of the particle dispersion model HYSPLIT_4 model.
218
Five-day back-trajectories of air mass arriving to Granada at 500, 1500 and 3000 m a.g.l.
219
were computed using HYSPLIT_4 model including vertical wind (Draxler and Hess, 1998) representation in the number of groups is just before the large percentage of change in TSV.
248
Four groups for 500 m a.g.l. were chosen in order to a better explanation of the air mass 249 transport regimes during the study period after additional analysis for different cluster wavelengths as well, while the wavelengths larger than 1020 nm were linearly extrapolated.
270
Size distributions and BC fractions were used to calculate the aerosol optical properties for 271 the BC, which was based on the Mie theory. Likewise, both the "composite aerosol" and 272 the "BC aerosol" were described by their respective spectral AOD,  and g, which were 273 finally used to estimate the radiative effects.
274
The instantaneous aerosol radiative forcing for composite aerosol (ARF) at the surface 275 (TOA) is obtained as:
where F and F 0 denote the shortwave net fluxes at surface (TOA) simulated with aerosol 278 information related to composite aerosol and without aerosol information , respectively.
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Following an identical procedure, the instantaneous aerosol radiative forcing for BC aerosol 280 (BCRF) at the surface (TOA) is obtained as:
where FBC is now the shortwave net flux at surface (TOA) simulated with aerosol 283 information but related exclusively to BC aerosol. 
BC concentration classification according to cluster analysis 358
Changes in meteorological and synoptic conditions could affect the monthly evolution of 359 BC concentration for the study period. To analyze this issue, Figure 4 displays the monthly 360 mean temperature (Fig 4a) , wind speed (Fig. 4b) , and rainfall (Fig 4c) for Granada from 361 2005 to 2012. Additionally, this figure also shows a plot (Fig 4d) with the BC concentration 362 versus wind speed range in order to analyze if the monthly evolution of BC concentrations 363 was caused by changes in wind speed, since it is known that high wind speeds are 364 associated with low aerosol concentrations in the study area (Lyamani et al., 2008) . In 365 general, mean wind speeds in the study area were higher in spring and summer seasons and 366 slightly lower in autumn and winter seasons (Fig.4b ). Consequently, one may expect higher 367 BC concentrations in winter and autumn than in spring and summer (Figure 2) . This 368 assumption is verified in Fig. 4d which shows low BC concentrations for high wind speed Granada local emissions, being less influenced by regional and long range transport.
371
The influence of changes in air mass patterns on the monthly evolution BC concentrations 372 was also analyzed in detail. Fig. 5a shows the centroids of cluster classification coincident concentration for cluster 1 in winter ( Fig. 6a and 6e ) and autumn ( Fig. 6d and 6h) indicates 400 that just when local air mass affected Granada, BC concentration levels were increased. Air 401 mass frequency included in cluster 2 showed good correlation with BC concentration in 402 winter ( Fig. 6a and 6e ) and spring ( Fig. 6b and 6f) . Therefore, part of the total BC load in 403 the atmospheric column in these seasons could be originated from urban-industrial aerosols 404 transported from north Spain and Europe. On the other hand, high BC concentrations were 405 found in autumn just when air mass frequency for cluster 3 was more elevated suggesting 406 that air masses coming from Mediterranean region transport biomass burning particles 407 towards Granada (Fig. 6d and 6h ).
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In order to complete information about BC concentration for air masses were classified in 409 cluster 1 we show the wind rose diagrams in Figures 7a and 7b . These two plots show the 410 wind rose for the daytime, for the years 2005 to 2012 were separated in two categories, 411 high and low BC concentration levels, respectively. Southeasterly and south-southeasterly 412 winds dominate at high BC concentration values with a 28% and 25% combined 413 occurrence, respectively (Fig. 7a ). Wind flowing from these directions crossed over the 414 highway surrounding the city. The wind rose shows that winds from the north-northeasterly 415 directions were the most frequent, when low BC concentration values were found for 416 cluster 1 (Fig. 7b) . The north-northeasterly wind occurred about 33% of the whole period.
417
Less frequent winds were from the northerly and northwesterly directions, with combined 418 occurrence around 23% and 14%, respectively.
419
To evaluate the seasonal variability, Fig. 8 analyzes in detail two particular cases according 
